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Executive Summary

Wetlands and riparian areas are vital components of proper watershed function that, when wisely managed in
context with a watershed system, can moderate and reduce sediment input into surface water supplies. Eroding

streambanks have been recognized asjarroantributor of sediment in Kansas waters.

The South Fork Big Nemaha River Watershed Assessment, an ArckdS&@ Comparison Study, identifies

areas of streambank and streambank gully erosion concerns to provide a better understanding of thekSouth For
Big Nemaha River Watershed. This information is provided for the application of mitigation practices, a better
understanding of watersheds and to reduce excessive sedimentation across Kansas. The comparison study we
designed to guide prioritization ofreambank restoration by identifying reaches of streams where erosion is most

severe in the watershed.

The Kansas Water Office (KWQO) 2011 assessment quantifies annual tons of sedimentation from streambank
erosion between 1991 and 2008 within the South BigkNemaha River Watershed in Kansas. A total of 83
streambank erosion sites were identified, covering 56,000 fagisbblestreambank and transporting 117,000

tons of sedimentation.Streambank erosion sitdsaving an eea of 1,500 sq. feet or moref streambank
movement between 1991 and 2008 aerial photee identified. A substantial quantity of this sediment is
transported each year from the mainstem South Fork Big Nemaha River and identified stream reachges, BN1
BN1-b, BN2 and BN3; contributop approximately 16,736; 28,117; 17,125; 12,939 tons of sedimentation
annually, respectively. These identified reaches account for an estimated 59% of the total stabilization cost needs
in the watershed, totaling $3.3 million. Costs and percentages fbaBBN1b, BN2 and BN3: $462,844 (8%);
$2,010,338 (36%); $503,699 (9%and $306,601 (6%) respectively. Based amerage cost estimate of
streamabanistabilizationpractices, pulled from an assessment by The Watershed Institute §T%7).50 per
linearfoot, stabilizing all identified erosion site streambalfrksn this assessmentould cost approximately $5.5

million.

Streanbank gullies were also assesse@ullieswere analyzedor prioritization by indication ohigh, medium

andlow, and thergrouped by stream readbr analysis The assessment concluded that Turkey Creek stream
reach 4 and South Fork Big Nemaha River stream reach 3, T4 and BN3, had the igueatessf high priority

gullies. Calculating tons of soil erosion from gulliegsvnot part of this assessment. It should be noted that gully
erosion can contribute a tremendous amount of sediment at the watershed scale and can occur in both croplanc
and grassland.Not all gullies in the South Fork Big Nemaha River Watershed vademgtified due to the season

at which NAIP aerial photos are taken, leaf on. Further assessments should be performed to identify all gullies

and their contribution to sedimentation rates in streams and rivers throughout the watershed.
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The KWO completedhe South Fork Big Nemaha River Watershed Erosion Assesdimietite South Fork Big

Nemaha River Watershed Restoration and Protection Strategy (WRAPS) Stakeholder Leadership Team (SLT).
Information contained in this assessment can be used by the Southi§ddeBaha WRAPS SLT to target
streambank stabilization and riparian restoration efforts toward high priority stream reaches in the South Fork Big
Nemaha River Watershed. Similar assessments are ongoing in selected watersheds above reservoirs throughot

Kansas and will be made available upon request to agencies and interested parties for the benefit of streambank
and riparian restoration projects.
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Introduction

Wetlands and riparian areas are vital components of proper watershed function that, when aviaglgdnin
contextof a watershed systencan moderate and reduce sediment inpiiere is growing evidence that a
substantialsource of sediment in streams in many areas of the country is generated from stream channels and
edge of field gullies (Balct2007).

Streambank erosion is a natural process that contributes a large portion of annual sediment yield, but acceleratior
of this natural process leads to a disproportionate sediment supply, stream channel instability, land loss, habitat
loss and otherdverse effects. Many land use activities can affect and lead éteeated bank erosion (EPA,

2008. In most Kansas watersheds, this natural process has been accelerated due to changes in land cover and tt

modification of stream channels to accommodaeécultural, urban and other land uses.

A naturally stable stream has the ability, over time, to transport the water and sediment of its watershed in such a
manner that the streamaintains its dimension, patteamd profile withousignificantaggregatia or degradation

(Rosgen, 1997).Streams significantly impacted by land use changes in their watersheds or by modifications to
streambeds and banks go through an evolutionary process to regain a more stable condition. This process
generally involves a segnce of incision (downcutting), widening anestabilizing of the stream. Many streams

in Kansas are incised (SCC, 1999).

Streambank erosion is often a symptom of a lamgere complex problem requiring solutions thady involve

more than just streambk stabilization (EPA, 2008). It is important to analyze watershed conditions and
understand the evolutionary tendencies of a stream when considering stream stabilization mEffeni®$o
restore and rstabilize streams should allow the stream tedpe the process of regaining natural stability along
the evolutionary sequence (Rosgen, 1987\vatersheebased approach to developing stream stabilization plans

can accommodate the comprehensive review and implementation.

Additional research in Kansakcuments the effectiveness of forested riparian areas on bank stabilization and
sediment trapping (Geyer, 2003; Brinson, 1981; Freeman, 1996; Huggins, 1994). Vegetative cover based on
rooting characteristics can mitigate erosion by protecting banks fiavial entrainment and collapse by
providing internal bank strength. Riparian vegetative type is an important tool that provides indicators of erosion
occurrence from land use practicérested riparian areas are superior to grassland in holding tarikg high

flows, when most sediment is transporte@/hen riparian vegetation is changed from woody spdoiesnual

grasses and/or forbs, sebrfaceinternal strength is weakened, causing accelerationasfs wasting processes
(extensivesedimentation due to stdurface instability)(EPA, 2009. The primary threats to wetlands and

forested riparian areas are agricultural production and suburban/urban development.
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Another form of erosiorcontributing to sedimentatiom many watersheds iKansas is the development of
streambank gulliesGullies develop from the wearing away of the surface soil along drathageeldy surface

water runoff. Gullies are associated with the loss of vegetation on the soil and down cuts forming deeg widenin
channels. The potential for surface erosion is associated in part with the amount of bare, compacted soil exposec
to rainfall and runoff.Other factors contributing to gully development &aigh soil erodability; little ground

cover; steep, long, contious slopes; high intensity storms; high drainage density ofshityge and close

proximity to streams.

In Kansas, monitoring the extent of erosion losses is difficult and curreiotdgie inventories are needed. This
assessment identifies areas with eypsioncerns to provide a better understanding obtheh Fork Big Nemaha
River Watershedor mitigation purposes and for application of understanding to watersheds across Kansas.

Study Area

The Missouri River Basin covers some 1,600 square miles in the northeastesn of Kansas includinfpur 8

digit Hydrologic Unit Codes10240007, 10240008, 10240005 and 102400is represents a small fraction of

the entire Missouri River watershed which covers all or part of ten states and extends into Caeadasin

covers all or part of Marshall, Nemaha, Brown, Doniphan, Atchis@avenworth and Wyandotte counties in
Kansas and is the smallest of the 12 major basins in the state, accounting for about two percent of the total land
area(KDHE, 2000)

The 8-digit Hydrologic Unit Codel0240007, South Fork Big Nemaha River Watedshg located withirthe
Missouri River Basinand covers approximately 368 square milEgyre 1). Counties in the area include
portions of Marshall and Nemahband use within the South Fork Big Nemaha River Watersagaimarily
agriculturaland rangknd, with approximately8% of the land area irow crop and45% in grassland, whil&%

isin wooded area and 6% in urban area

There are approximately public water suppliewithin the watershednpany of which draw water from the many
streams anareeks, with a small number of supplies coming from small city and county. |ake=re are no
federal reservoirs in the basitroundwater resources include alluvial aquifers of the Big Nemaha River and its
tributaries and Glacial aquifersThe South Fok Big Nemaha Riverwhich along with other tributaries in
Washington, Nemaha and part of Brown Coudtgins northward into Nebraska as part of the Big Nemaha River
watershed which enters the Missouri River just upstream of the Kansas bacderdingto the Kansas Surface
Water Registethe nost commondesignated uses for streams and rivers inSthieth Fork Big Nemaha River
Watershednclude: expected aquatic life uses, food procurement; recreation, and domestic wate(kdDpiy
2000) (Figure 2
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Figure 1: South Fork Big Nemaha River WatershedAssessment Area
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Figure 2: Surface Water Uses within the South Fork Big Nemaha River Watershed in 2000
E=Expected Aquatic Life Use Water

FP=Food Procurement

DWS=Designated for domestic water supply use.
GR=Designated for ground water recharge.

+ LW=Designated for livestock watering use.

+ IRR=Designated for irrigation use.
FP (13.16%) « IWS=Designated for Industrial Water Supply

» PCR=Designated for Contact Recreation

» S=Special Aquatic Life Use

LW (10.53%) /

E (23.68%)

IWS (9.21%)

PCR (9.21%)

DWS (9.21%)

\ GR (10.53%)
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Data Collection Methodology

The South Fork Big Nemaha River Watersh&deambank erosion assessmeast performed using ArcGIS®
software. The purpose of the assessment is to identify locations of streambank instability to prioritize restoration
needsand slow sedimentation rates Bouth Fork Big NemaharcMap®, an ArcGIS® geospatial processing
program was utilized to assess color aerial photography fron8,20vided by National Agriculture Imagery
Program (NAIP), and compare it with 1991 black and white aerial photograpiwded bythe State of Kansas

GIS Data Access & Support Center (DASCErosion sites identified in this assessment include locations of

streambanlerosion and streambagklly erosion.
Streambank Erosion

The streambank assessmerats performed by overlaying 28INAIP county aerial imagery onto 199IASC

county aeriaimagery Figure3). The assessment started the South Fork Big Nemaha River mainstesgrthe
Kansas/Missouri boarder and proceeded upstreadsing ArcMap® tools, aggressive movement dhe
streambanlbetweenl99IDASC and 2008NAIP aerial photosvereidentified as a site in need of rehabilitatian

a 1:6,000 scale Aggressive movementepresentsarea of 1,500 sqg. feet or more of streambank movement
between 1991 DASC and 2008 NAIP aerial photd&&treambank erosion sites were denoted by geographic
pd ygons features fdrawno i thiough thehAecMah® editot tSoHhepayganwa r e
features where created by sketching vertices following the 2008 streambacikosing the sketcby following

the 1991 streambardt a 1:2,500 scaleData provided, based dhe geographic polygositesinclude: watershed
location, unique ID, stream name, type of streathtgpe of riparian vegetation.

Figure 3: 1991 DASC vs2008 NAIP Streambank Erosion Site orSouth Fork Big Nemaha River

South Fork Big Nemaha River; Unique ID 0009 ( South Fork Big Nemaha River; Unique ID 0009 South Fork Big Nemaha River; Unique ID 0009
Soil Loss: 8,000 tons: SB Length: 1,400 ft Soil Loss: 8,000 tons: SB Length: 1,400 ft Soil Loss: 8,000 tons: SB Length: 1,400 ft
1991 Aerial Photo 2008 Aerial Photo ¢ 2008 Aerial Photo
Reach: BN1b Prepared by: Anna Powel, KWO Reach: BN1b Prepared by: Anna Powel, KWO Reach: BN1 Prepared by: Anna Powell, KWO
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The streambank erosiorssessment data includagproximatios of tons ofsoil lossfrom the erosion s This
portion of the assessment is performed with the usieeafientified erosion sitgolygon features identified. Tons
of soil loss was estimated bycorporating perimeter, area and streambank lengtthefpolygons into a
regression equation. Perimeter and anggie calculatedthrough thefield calculator application within the
ArcGIS® software. The streambank length of identified erosion sitescomputed through the application of a
regression equation formulated by the KWO officéhis equation waslevelopedby taking data from the
Enhanced Riparian Area/Stream Channel Assessment for John Redmond Feasibilitse@itdprepared by
TWI andrelating the erosion area (in square feet) and perimeter length of that erosion faentb the unstable
stream bank lengtfin fee). The multiple regression formula of that fit -@Quare = .999) is[Area_SqFt]*
.00067) + ([Perimtr_ft]*.5089609 The intercept of the model was forced to zero.

Tons of soil loswasestimated by first calculating the volume of sediment loss and then applying a bulk density
estimate to that volume for the typical soil typeidéntified sites The volume of sedimenwas found by
multiplying out bank height, surface area loser the 17 year periodetween the 1991 and 2008 aerial photos
and soil bulk density. This calculated volume is then divided byt Thgear periodto get the average rate of soil

loss in masskyar(Avg Soil Loss Rate(Tons/yr)=[Area_SqFt]*[BankHgtFt]*SoilDensity(h%/ /2000 (Ibs/ton) /(
[NAIP_ComparisonPhotoYeat]BaseAerialPhotoYear])

To complete the analysis for the equation above for tons of soil lost, streambank height measuresaksuis of
identified erosion sitewere neededStreambank heigtior identified streambank erosion siteere estimated by

first performingon the ground measuremermisten selectedsites throughout the watershéat their location.
Landonwers were iderfiéd and contacted for access permission to selected sites by MO River Basin WRAPS
members Carl Johnson and Carol Hugh&seseten sites were the basfor extrapolating streambank height
measurements throughout tBeuth Fork Big Nemaha River Watershed

StreambankGully Assessment

The streambanligully erosion assessment was performed sithilar techniquesand parallel tahe streambank
erosionassessmertty overlaying 2008NAIP county aerial imagery onto 1990ASC county aerialimagery
(Figure 3). However, calculating tons of soil erosion was not part of this assessmeintg AfcMa® tools
streambanlgully erosionwasindicated byline featuresi d r aimtontiie ArcGIS® software prograat a 1:6,000
scale Once sites were identifiedjatershed loation, unique ID, stream name, type of streathtgpe of riparian
vegetationdata was compiledn gully sitesand categorized by high, medium or low prioritgentificationof a
low priority gully indicates that sheet erosion has been identified agdllya could form n the area that is
perpendiculato thestream. Aow priority gully does nohavevisible channel cutting or anyisible streambank
riparian erosion.A medium priority gully identifiessisible channel cuttingerpendicular to the stredpankbut

no visible erosion ofheriparian area of thetreambankKigure4). High priority gullies identifya deeply incised

9|Page



channel cutting perpendicular to the stream, includisggaificant portion ofthe riparian areseroded from the
streambank.In some instancesutly priority ratings werencreased to a medium or high priority, even if they
exhibit Al ow priorityo g uidehtifiedsizeablenamouitiofdand erosionfor gtlliese r e
identifiedin the same vicinity.

Figure 4: 1991DASC vs 2008 NAIP Gully Erosion Site onManley Creek

| [south Fork Big Nemaha Watershed Assessment 3 = s i | [south Fork Big Nemaha Watershed Assessment
Manely Creek Gully Erosion; Unique ID: 0016 Manely Creek Gully Erosion; Unique ID: 0016 Manely Creek Gully Erosion; Unique ID: 0016
1991 Aerial Photo Ll T 2008 Aerial Photo 11 i’ 2008 Aerial Photo

Reach: M1 Prepared by: Anna Powell, KWO. Reach: M1 Prepared by: Anna Powell, KWO 3 Prepared by: Anna Powel, KWO.

Analysis

To adequately analyzetreambank erosiosites stream reaclsectionswere delineated to better accommodate
streambank rehabilitation project focuStreambank erosiositeswere analyzedfor prioritization purposedy

stream reach sectiomgthin the South Fork Big Nemaha River Watersheftreambank erosion prioritization by
streanreach sectionsmiclude BN1-a, BN1-b, BN2, BN3, BN4, BN5, D1, M1, M2, T1, T2, T3 and THgureb).

Reach sectioneerenamed by the stream reach they are located on and in numerical order from downstream to
upstrean. For example stream readts BN1-a to BN5 reference six reachesidentified on South Fork Big
Nemaha River, proceeding fromhownstreamto upstreamalong the river. Streambank erosion sites were
analyzedby: streambank length (feet) of the eroded bank; annual soil loss (tons); percent of streambank length
with poor riparian condition (riparian area identified as having croptargtass/crop buffer); estimated sediment
reduction through the implementation ofstreambank stabilization BMPat an 85% efficiency rate; and
streambank stabilization cost estimates for eroded streamban{sildsl). Streambank stabilization costgere

derived froman averageost ofimplement streambank stabilization BMpslled fromthe TWIKansas River

Basin Regional Sediment Management Section 204 Stream and River Channel Ags&ssB®Eper

linear footwas used to calculate average streamissatbilizations costé~igure 6.
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Figure 5: South Fork Big Nemaha Streambank Assessment by Reach

Figure 6: TWI Estimated Costs to Implement Streambank Stabilization BMPs
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